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POROUS INSULATING FILM AND ITS LAMINATES 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to a porous 
insulating material and its laminates, that exhibit 
excellent electrical properties (low dielectric constant) 
and heat resistance, and particularly it relates to a 
porous insulating material and its laminates that are 
resistant to dielectric deterioration by dielectric 
breakdown or the like and are strongly adhesive or 
adhesive, and that are highly useful for high-frequency 
electronic parts, and especially distribution substrates. 

Throughout the present specification, 
"insulating film" will refer to an electrical insulating 
film. "Fine continuous pores" will refer to fine pores 
that form continuous channels from one side to another, 
where the fine pores preferably run in a nonlinear 
fashion from one side to the other on a nonlinear path, 
2* Description of the Related Art 

With the rapid increase in communication data 
in recent years there has been an increasing desire for 
miniaturization, weight reduction and higher speeds for 
communication devices, which has led to a demand for 
suitable low-dielectric constant electrical insulating 
materials. ' In particular, the frequency band ranges of 
the waves used for portable mobile communications such as 
automobile phones, digital cellular phones and satellite 
communications are the high-frequency bands- in the MHz 
and GHz ranges. in the rapid development of 
communication devices used as the means for such 
communication, designs have been produced for mounting 
small high-density boards, substrates and electronic 
elements. For miniaturization and weight reduction of 
communication devices suited for high-frequency ranges 
such as the MHz to GHz bands, it is necessary to develop 
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electric insulating materials having both excellent high- 
frequency propagation characteristics and appropriate low 
dielectric constant characteristics » 

Specifically, energy loss occurs in circuit 

' 5 elements during the course of propagation, and is known 
as dielectric loss. This energy loss is undesirable 
because it is expended as heat energy in the circuit 
element and is released as heat. The energy loss is 
produced in low frequency ranges by variation in the 
10 electric field of the dipole created by dielectric 

polarization, and is produced in high frequency ranges by 
ionic polarization and electronic polarization. The 
ratio of the energy expended in a dielectric material and 
the energy stored in the dielectric material in one cycle 

15 of an alternating electric field is called the dielectric 
loss tangent, and it is represented by tan6. The 
dielectric loss is proportional to the product of the 
dielectric constant e and the dielectric loss tangent of 
the material. Thus, a total energy loss due to tanS is 

20 increased in the higher frequency range. Also, since the 
heat release per unit area is larger when mounting high- 
density electronic elements, a material with a small tan6 
must be used to suppress dielectric loss of the 
insulating material. By using a low dielectric polymer 

25 material with low dielectric loss, the heat release due 
to dielectric loss and electrical resistance is 
controlled, thus helping to reduce signal malfunction; 
materials with low transmission loss (energy loss) are 
therefore in great demand in the field of high frequency 

30 communications. 

Various materials having such electrical 
properties including electrical resistance 
characteristics and low dielectric constant have been 
proposed, among which are thermoplastic resins such as 

35 polyolefins, vinyl chloride resins and fluorine-based 
resins, and thermosetting resins such as unsaturated 



polyester resins, polyimide resins, epoxy resins, 
vinyltriazine resins (VT resins), crosslinked 
polypheny l.ene oxide, curable polyphenylene ethers, and 
the like. 

Polymers containing fluorine atoms in the 
molecular chain, such as vinylidene fluoride resins, 
trif luoroethylene resins and perf luoroethylene resins, 
have excellent electrical characteristics (low dielectric 
constant, low dielectric loss), heat resistance and 
chemical stability, but unlike thermoplastic resins they 
are poorly suited for shape forming and coat forming to 
obtain molds or films through heat treatment, and they 
increase costs when used for device manufacture. In 
addition, their low transparency is a drawback that 
limits the range of applicable fields. Since the above- 
mentioned low dielectric constant general use polymer 
materials all have allowable maximum temperatures of 
below 130°C, as electrical instrument insulating 
materials their heat resistance classification is type B 
or below as specified by JIS-C4003, and therefore their 
heat resistance is inadequate. 

As resins with relatively good heat resistance 
there may be mentioned thermosetting resins such as epoxy 
resins, polyphenylene ether (PPE), unsaturated polyester 
resins and phenol resins. However, none of these exhibit 
a satisfactory level of heat resistance and dielectric 
constant. 

Further performance demanded for low dielectric 
constant materials with excellent dielectric/insulating 
resistance characteristics often includes a requirement 
for soldering resistance that can withstand heating at 
2 60°C or above for at least 120 seconds because of the 
soldering step in the device manufacturing process. 
BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a porous insulating material with heat resistance, low 



dielectric constant and dielectric loss and excellent 
insulating properties, as well as laminates thereof. 

The present invention relates to a porous insulating 
film comprising a highly heat resistant resin film having 
a fine porous structure with a mean pore size of 0.01-5 
lira in at least the center of the film, and having a 
porosity of 15-80%, 

The invention further relates to a laminate prepared 
by laminating a heat resistant adhesive layer on one or 
both sides of the aforementioned porous insulating 
material. 

The invention still further relates to a laminate 
prepared by laminating a conductive metal layer for an 
electronic circuit on one or both sides of the 
aforementioned porous insulating material, either 
directly or via a heat resistant adhesive layer. 

The invention yet further relates to a laminate 
prepared by laminating an inorganic or metal substrate 
onto one or both sides of the aforementioned porous 
insulating film and a conductive metal layer onto the 
other side, each via a heat resistant adhesive layer. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE 
DRAWING 

Fig. 1 is an enlarged cross-sectional schematic 
drawing of a porous polyimide film as a porous insulating 
material according to an embodiment of the invention. 

Fig, 2 is an enlarged cross-sectional schematic 
drawing of a laminate formed by laminating two layers of 
a porous polyimide film as a porous insulating material 
according to an embodiment of the invention. 

Fig. 3 is an enlarged cross-sectional schematic 
drawing of a one side-densif ied porous polyimide film 
according to an embodiment of the invention. 

Fig. 4 is an enlarged cross-sectional schematic 
drawing of a both side-densif ied porous polyimide film 
according to an embodiment of the invention. 

Fig. 5 is an enlarged cross-sectional schematic 
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drawing of a laminate formed by laminating a porous 
polyimide film as a porous insulating material on an 
inorganic, organic or metal substrate, according to an 
embodiment of the invention. 
5 Fig* 6 is an enlarged cross-sectional schematic 

drawing of a laminate wherein an inorganic, organic or 
metal substrate such as a silicon substrate is formed on 
one side of a porous polyimide film as a porous 
insulating material according to an embodiment of the 
10 invention via a heat resistant adhesive, while a dense 
polyimide layer, and additionally a conductive metal 
circuit layer, are formed on the other side. 

Fig, 7 is a scanning electron microscope photograph 
of the surface of a porous polyimide film as the porous 
15 insulating material obtained in Example 1. 

Fig, 8 is a scanning electron microscope photograph 
of a cross-section of a porous polyimide film as the 
porous insulating material obtained in Example 1, 

Fig, 9 is a scanning electron microscope photograph 

2 0 of a cross-section of a both side-densif ied porous 

polyimide film according to an embodiment of the 
invention. 

In Figs, 1-6, 1 is a porous polyimide film as a 
porous insulating material, 2 represents continuous 
25 pores, 3 is a highly heat resistant resin, 4 is a dense 
layer, 5 is an inorganic, organic or metal substrate, 
such as a silicon substrate, 6 is a heat resistant 
adhesive, 7 is a conductive metal circuit layer, 10 is a 
laminate and 11 is another laminated porous polyimide 

3 0 layer as a porous insulating material, 

DETAILED DESCRIPTION OF THE INVENTION 

The embodiments of the invention are as follows, 

1) The aforementioned porous insulating film 
wherein the fine porous structure comprises fine 

35 continuous pores, 

2) The aforementioned porous insulating film which 
is fabricated by film casting. 
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3) The aforementioned porous insulating film which 
has a dielectric constant of no greater than 2.5. 

4) The aforementioned porous insulating film 
wherein the highly heat resistant resin film is a 

5 polyimide film. 

5) The aforementioned porous insulating film 
wherein the porous structure contains fine continuous 
pores reaching to both surfaces* 

6) The aforementioned porous insulating film 

10 wherein the porous structure includes a dense layer on 
both surfaces of the film. 

7) The aforementioned porous insulating film which 
has a porosity of 30-80%, a maximum pore size of no 
greater than 10 ^m, a film thickness of 5-100 jum, a 

15 resistance to passage of air of from 30 sec/100 cc to 
2000 sec/100 cc, a heat resistance temperature of 200°C 
or above and a heat shrinkage of no greater than ±1%, and 
which has fine continuous pores reaching to both 
surfaces . 

20 The highly heat resistant resin according to the 

invention may be a resin made of a high molecular weight 
and highly heat resistant polymer produced by 
condensation polymerization and heating of an acid 
component and a diamine component, and it is preferably 

25 an aromatic polyimide. 

The following explanation will deal with a case 
using an aromatic polyimide as the highly heat resistant 
resin. 

The present invention will now be explained with 
30 reference to the attached drawings. 

Fig. 1 is an enlarged cross-sectional schematic 
drawing of a porous polyimide film as a porous insulating 
film (hereunder also referred to as "porous insulating 
material") according to an embodiment of the invention. 
35 Fig. 2 is an enlarged cross-sectional schematic 

drawing of a laminate (substrate) formed by laminating 



two layers of a porous polyimide film as a porous 
insulating film according to an embodiment of the 
invention. 

Fig, 3 is an enlarged cross-sectional schematic 
drawing of a porous polyimide film with a dense layer on 
one side according to an embodiment of the invention. 

Fig. 4 is an enlarged cross-sectional schematic 
drawing of a porous polyimide film with a dense layer on 
each side according to an embodiment of the invention. 

Fig. 5 is an enlarged cross-sectional schematic 
drawing of a laminate (substrate) formed by laminating a 
porous polyimide film as a porous insulating film on a 
silicon substrate, according to an embodiment of the 
invention. 

Fig. 6 is an enlarged cross-sectional schematic 
drawing of a laminate wherein an inorganic, organic or 
metal substrate such as a silicon substrate is formed on 
one side of a porous polyimide film as a porous 
insulating material according to an embodiment of the 
invention via a heat resistant adhesive, while a dense 
polyimide layer, and additionally a conductive metal 
circuit layer, are formed on the other side. 

The formation of more than two different substrates 
in Figs. 2 to 5 can be accomplished, for example, by 
laminating a precursor porous film on a substrate of the 
same or a different type by applying pressure if 
necessary, and then heating and drying it. 

The porous polyimide film used as a representative 
example of a porous insulating material of the invention 
may be fabricated, for example, by any of the following 
three film casting methods. Film casting can give porous 
insulating films suitable as porous electric insulating 
materials having uniform pore sizes and satisfactory 
surface smoothness even with thin film thicknesses. 

As a first method, there may be mentioned a method 
in which a polyimide precursor solution comprising 0.3-60 
wt% of a polyimide precursor and 99.7-40 wt% of a solvent 
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is cast into a film and contacted with a solidifying 
solvent with a solvent substitution rate adjuster to 
precipitate the porous polyimide precursor, and then the 
pore-formed polyimide precursor film with fine continuous 
5 pores reaching to both surfaces is subjected to thermal 
imidation or chemical imidation to obtain a porous 
polyimide film. 

As a second method, there may be mentioned a method 
in which a polyimide precursor solution comprising (A) a 
10 homogeneous solution of a polyimide precursor and (B) a 
poor solvent for the polyimide precursor is cast into a 
film and the film-like composition is heat treated for 
imidation to obtain a porous polyimide film having a 
dense layer, preferably of a thickness of 0.2-5 ^im, on 

15 both sides of the film and a fine porous layer at the 
center of the film. 

As a third method, there may be mentioned a method 
in which a polyimide precursor solution comprising 0.3-6 0 
wt% of a polyimide precursor and 99.7-40 wt% of a solvent 

20 is cast into a film and subjected to treatment by 

exposure to vapor of a non-solvent for the polyimide 
precursor, after which it is contacted with a solidifying 
solvent to form pores and then the porous polyimide 
precursor film with fine continuous pores reaching to 

25 both surfaces is subjected to thermal imidation or 

chemical imidation to obtain a porous polyimide film* 
The polyimide precursor is a polyamic acid or a 
partially imidated form thereof, obtained by 
polymerization of a tetracarboxylic acid component and a 

30 diamine component, preferably an aromatic monomer, and it 
may be made into a polyimide resin with ring closure by 
thermal imidation or chemical imidation. The polyimide 
resin is a heat resistant polymer wherein the imidation 
rate explained hereunder is about 80% or greater, and 

35 preferably about 95% or greater. 

The organic solvent (good solvent) used as the 
solvent for the polyimide precursor may be 



parachlorophenol, N-methyl-2-pyrrolidone (NMP), pyridine, 
N , N-dimethy lacetamide , N , N-dimethylf ormamide , 
dimethylsulf oxide, tetramethylurea, phenol, cresol, or 
the like. 

The tetracarboxylic acid component and the aromatic 
diamine component is dissolved in the above-mentioned 
organic solvent in roughly equimolar amounts for 
polymerization, producing a polyimide precursor with an 
inherent viscosity (30''C, concentration: 0*5 g/100 mL 
NMP) of at least 0.3, and especially 0-5-7. When the 
polymerization is carried out at a temperature of about 
80''C or above, a polyimide precursor is produced which is 
imidated by partial ring closure. 

The aromatic diamine is preferably an aromatic 
diamine compound represented, for example, by general 
formula ( 1 ) , 

H^N-R ( ) „-A- ( R' ) ,R » -NH2 ( 1 ) 

where R and R* are direct bonds or divalent aromatic 
rings and at least one is a divalent aromatic ring, R^ 
and are substituents such as hydrogen, lower alkyl, 
lower alkoxy, halogen, etc., A is a direct bond or a 
divalent group such as 0, S, CO, SO2, SO, CH2, C{QE^)^, 
etc. and m and n are integers of 1-4. 

As specific aromatic diamine compounds there may be 
mentioned 4,4' -diaminodipheny lether ( hereunder 
abbreviated as DADE), 3 , 3 ' -dimethyl-4 , 4 ' - 
diaminodiphenylether , 3,3' -diethoxy-4 , 4 ' - 
diaminodipheny lether and paraphenylenediamine (hereunder 
abbreviated as p-PDA) , with 4 , 4 ' -diaminodiphenylether and 
paraphenylenediamine being preferred. 

The aromatic diamine component may also be a 
diaminopyridine, and specifically there may be mentioned 
2 , 6 -diaminopyridine , 3 , 6 -diaminopyridine, 2,5- 
diaminopyridine and 3 , 4-diaminopyridine. 

The aromatic diamine component may also comprise two 
or more of the aforementioned aromatic diamines in 



combination. 

The tetracarboxylic acid component is preferably a 
biphenyltetracarboxylic acid component, with preferred 
examples including 3,3^4,4' -biphenyltetracarboxylic 
dianhydride (hereunder also abbreviated as s-BPDA) and 
2 , 3 , 3 ' , 4 ' -biphenyltetracarboxylic dianhydride ( hereunder 
also abbreviated as a-BPDA) , but it may also be 
2, 3, 3', 4'- or 3, 3', 4, 4' -biphenyltetracarboxylic acid or a 
2, 3, 3 ',4'- or 3 , 3 \ 4 , 4 ' -biphenyltetracarboxylic acid salt 
or esterified derivative. The biphenyltetracarboxylic 
acid component may also comprise a mixture of the 
aforementioned biphenyltetracarboxylic acids. 

As other tetracarboxylic acid components there may 
be mentioned tetracarboxylic acids such as pyromellitic 
acid, 3,3' ,4,4'-ben2ophenonetetracarboxylic acid, 2,2- 
bis ( 3 , 4"dicarboxyphenyl ) propane , bis (3,4- 
dicarboxyphenyl ) sulf one , bis { 3 , 4-dicarboxyphenyl ) ether , 
bis( 3,4-dicarboxyphenyl)thioether and their acid 
anhydride, salt or ester derivatives. A portion of these 
aromatic tetracarboxylic acid components may also be 
replaced with an aliphatic tetracarboxylic acid such as 
butanetetracarboxylic acid or an anhydride, salt or ester 
derivative thereof in a proportion of no more than 10 
molar percent and especially no more than 5 molar percent 
with respect to the total tetracarboxylic acid component. 

Particularly preferred as tetracarboxylic acid 
components are 3 , 3 * , 4 , 4 ' -biphenyltetracarboxylic 
dianhydride, pyromellitic dianhydride and 3, 3', 4,4'- 
benzophenonetetracarboxylic dianhydride . 

In the first method described above as an example 
for fabrication of a porous insulating film, a polyimide 
precursor solution is prepared by dissolving the 
polyimide precursor in the organic solvent to a polyimide 
precursor proportion of 0.3-60 wt%, and preferably 1-30 
wt% in the solution (the organic solvent may also be 
added or the polymer solution itself may be used) . If 
the polyimide precursor proportion is less than 0.3 wt% 
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the film strength of the fabricated porous film may be 
reduced. If it is greater than 60 wt%, the permeability 
of the porous film may be lower, and therefore the range 
given above is preferred. The solution viscosity of the 
5 prepared polyimide precursor solution is 10-10,000 poise, 
and preferably 40-3000 poise. If the solution viscosity 
is less than 10 poise the film strength of the fabricated 
porous film may be reduced, and if it is higher than 
10,000 poise casting into a film may be more difficult, 

10 and therefore the ranges given above are preferred* 

After the polyimide precursor solution has been cast 
into a cast film, it is made into a laminated film by 
laying a solvent substitution rate adjuster on at least 
one side thereof. The method of obtaining the cast 

15 laminated film of the polyimide precursor solution is not 
particularly restricted, and various techniques may be 
employed, including a method in which the polyimide 
precursor solution is cast onto a plate of glass or the 
like serving as the base or onto a movable belt and the 

2 0 cast surface is covered with a solvent substitution rate 

adjuster; a method in which a spray or doctor blade 
method is used to thinly coat the polyimide precursor 
solution onto a solvent substitution rate adjuster; and a 
method in which the polyimide precursor solution is 
25 extruded from a T-die and filled between solvent 
substitution rate adjusters, to obtain a 3-layer 
laminated film with the solvent substitution rate 
adjuster en both sides thereof. 

The solvent substitution rate adjuster is preferably 

3 0 one with permeability of a level that allows the 

polyimide precursor solvent and the solidifying solvent 
to permeate at a suitable rate when the multilayer film 
contacts with the solidifying solvent to precipitate the 
polyimide precursor. In particular, the gas permeability 
35 is preferably 50-1000 sec/100 cc, and especially 250-800 
sec/100 cc. The film thickness of the solvent 
substitution rate adjuster is 5-500 jum and preferably 10- 
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100 jum, and pores of 0.01-10 jum, and preferably 0.03-1 
jum, penetrating in the cross-sectional direction of the 
film are preferably distributed at a sufficient density. 
If the film thickness of the solvent substitution rate 
5 adjustor is lower than the above range the solvent 

substitution rate may be too fast, which is unsuitable 
since wrinkles may be produced when it contacts with the 
solidifying solvent, and if it is higher than the above 
range the solvent substitution rate may be too slow, thus 

10 resulting in a non-uniform pore structure formed inside 
the polyimide precursor. 

The solvent substitution rate adjustor used may be, 
specifically, a nonwoven fabric or porous film made from 
a material of a polyolefin such as polyethylene, 

15 polypropylene or the like, and the use of a polyolefin 

fine porous film is particularly preferred for excellent 
smoothness of the surface of the fabricated polyimide 
porous film. 

The multilayered polyimide precursor cast product is 

20 contacted with the solidifying solvent through the 

solvent substitution rate adjustor, for precipitation of 
and pore formation in the polyimide precursor^. The 
solidifying solvent used for the polyimide precursor may 
be a non-solvent for the polyimide precursor, for 

25 example, an alcohol such as ethanol or methanol, or 

acetone, water or the like, or a mixture of 99.9-50 wt% 
of a non-solvent and 0.1-50 wt% of a solvent for the 
polyimide precursor. There are no particular 
restrictions on the combination for a non-solvent and 

30 solvent, but it is preferably one that gives a uniform 

porous structure for the precipitated polyimide precursor 
when the mixture comprising the non-solvent and solvent 
is used as the solidifying solvent. 

In the second method described above as an example 

35 for fabrication of a porous insulating film with dense 
layers on both sides, the film-like composition (C) 
comprises a homogeneous solution of the polyimide 



precursor (A) which is a solution preferably comprising 
0.3-60 wt% and especially 1-30 wt% of the polyimide 
precursor and 99.7-40 wt% and especially 99-70 wt% of a 
good solvent for the polyimide precursor, and a poor 
solvent (B) for the polyimide precursor, which is a poor 
solvent having a boiling point or thermal decomposition 
temperature at a temperature higher than or equal to the 
imidation initiation temperature of the polyimide 
precursor (usually about 170°C), wherein the poor solvent 
used is a compound having a boiling point or thermal 
decomposition temperature higher than or equal to the 
imidation initiation temperature of the polyimide 
precursor, in order to obtain a film-like composition. 

The poor solvent (B) is preferably a poor solvent 
having a higher boiling point than the good solvent for 
the polyimide precursor in the homogeneous solution (A) 
of the polyimide precursor. Specifically, it is a poor 
solvent with a boiling point or thermal decomposition 
temperature of 150-500 °C, and preferably a boiling point 
or decomposition temperature of 170-300''C< 

As the poor solvent (B) there may be mentioned 
cyclic ethers with boiling points of lOO^'C and below. 

The poor solvent (B) for the polyimide precursor is 
preferably one that is removed from the film composition 
(C) by evaporation or thermal decomposition in the step 
of . proceeding heat imidation of the polyimide precursor. 
If the poor solvent (B) is not removed from the film-like 
composition (C) in the step of proceeding heat imidation, 
the resulting porous film may not be suitable for the 
field of electronic materials. 

As poor solvents (B) that satisfy these conditions 
there may be mentioned linear monohydric alcohols with 7 
or more aliphatic carbon atoms, dihydric alcohols with 7 
or more carbon atoms, branched alcohols, cyclic alcohols, 
alicyclic alcohols, aromatic alcohols and other high- 
boiling-point alcohols. 
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As specific examples there may be mentioned n- 
heptanol (boiling point: 176. 3°C), n-octanol (boiling 
point: 179.3''C), n-nonanol (boiling point: 203^*0), n- 
decanol {boiling point: 231°C), n-undecanol (boiling 
5 point: 243''C), 2-octanol (boiling point: US^'C) r 2- 

ethylhexanol (boiling point: 184.7''C), 2 , 6-dimethyl-4" 
heptanol (boiling point: 178°C), 3,5,5-trimethyl-l- 
hexanol (boiling point: 194°C), tetrahydrof urf uryl 
alcohol (boiling point: 178'*C), a-terpineol (boiling 
10 point: 219''C), furfuryl alcohol (boiling point: 170°C) 
and benzyl alcohol (boiling point: 205. 8°C). 
. Particularly preferred for use is n-decanol. 

For ether systems, the poor solvent (B) may be 
methylanisole (boiling point: 171-177''C), ethyl benzyl 
15 ether (boiling point: ISS'^C), diisoamyl ether (boiling 
point: 173. 2^C), 1,8-cineole (boiling point: 176. 4°C), 
phenetole (boiling point: 170. 3°C), butyl phenyl ether 
(boiling point: 210.2°C) or the like. 

For polyhydric alcohols and their derivatives, the 
20 poor solvent (B) may be ethyleneglycol (boiling point: 
197''C), dipropyleneglycol (boiling point: 231. 8°C), 
dipropyleneglycol monoethylether (boiling point: 198''C), 
dipropyleneglycol monobutylether (boiling point: 231°C), 
triethyleneglycol dimethylether (boiling point: 216°C), 
25 trimethyleneglycol (boiling point: 213°C), hexyl^neglycol 
(boiling point: 213''C) or the like. 

Particularly preferred for use is ethyleneglycol. 
As cyclic ethers with boiling points below lOO^'C 
that are suitable as the poor solvent (B) there may be 
30 mentioned oxetane (boiling point: 48°C), tetrahydrof uran 
(boiling point: 66°C) and tetrahydropyrane (boiling point 
88"C) . 
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The film-like composition (C) comprising the 
homogeneous solution (A) of the polyimide precursor and 
the poor solvent (B) for the polyimide precursor can be 
obtained by using either of the following methods, method 
5 (a) or method (b) , 

For method (a), the poor solvent (B) may be added at 
10-40 parts by weight and especially 15-30 parts by 
weight to 100 parts by weight of the homogeneous solution 

(A) of the polyimide precursor to prepare a uniform mixed 
10 solution, and the mixed solution cast onto a substrate to 

obtain a film-like composition (C). 

In this method, if the amount of the poor solvent 

(B) with respect to 100 parts by weight of the 
homogeneous solution (A) is less than 10 parts by weight 

15 the effect of adding the poor solvent will be reduced, 
while if the amount of the poor solvent (B) is greater 
than 40 parts by weight it will be difficult to achieve a 
uniform mixed solution, and therefore the proportions 
specified above are preferred. The good solvent in the 

20 homogeneous solution (A) and the poor solvent (B) may be 
each of a single type or a mixed solvent of 2 or more 
types . 

For method (b), the homogeneous solution (A) of the 
polyimide precursor may be cast onto a substrate to make 

25 a solution film, and then this solution film may be 
immersed in a solidifying bath comprising the poor 
solvent (B) to precipitate a film-like product containing 
the poor solvent (B) and the film-like product drawn out 
from the solidifying bath to obtain a film-like 

30 composition (C), 

In the third method described above as an example 
for fabrication of a porous insulating film, the non- 
solvent vapor exposure treatment may be accomplished by a 
technique such as a method in which a gas containing a 

35 non-solvent for the polyimide precursor, for example, an 
alcohol such as ethanol or methanol, or acetone, water or 
the like in the vapor phase is blown onto the surface of 



the polyimide precursor solution to incorporate the non- 
solvent vapor into the precursor solution, or a method in 
which the polyimide precursor solution is held for a 
prescribed period of time in a treatment tank filled with 
the above-mentioned vapor, or conveyed through it with a 
belt, for condensation of the non-solvent vapor on the 
precursor solution . 

The non-solvent vapor exposure treatment step is 
preferably continued until condensation of about 0*1 mole 
or more of the non-solvent vapor per square meter of the 
precursor solution surface, in order to inhibit formation 
of a dense layer. There is no particular upper limit on 
the time for which the non-solvent vapor exposure 
treatment is continued, but it is preferably terminated 
just before the increasing amount of non-solvent 
condensing on the precursor solution surface causes 
precipitation of the precursor and clouding of the 
precursor solution, in order to obtain a homogeneous 
porous structure. 

The temperature of the precursor solution during the 
non-solvent vapor exposure treatment step may be room 
temperature, but this is not a limitation so long as 
conditions are satisfied for condensation of the non- 
solvent vapor on the polyimide precursor solution 
surface* 

The atmosphere of the precursor solution in the non- 
solvent vapor exposure treatment step may be atmospheric 
air, but this is also not a limitation so long as 
conditions are satisfied for condensation of the non- 
solvent vapor on the polyimide precursor solution 
surface . 

The film of the polyimide precursor solution treated 
in the non-solvent vapor exposure treatment step is 
contacted with a solidifying solvent for precipitation of 
and pore formation in the polyimide precursor. The 
solidifying solvent for the polyimide precursor may be a 
non-solvent for the polyimide precursor, for example, an 



alcohol such as ethanol or methanol^ or acetone, water or 
the like, or a mixture of 99.9-50 wt% of a non-solvent 
and 0,1-50 wt% of a solvent for the polyimide precursor. 

As the method for casting a dope comprising a mixed 
solution of the polyimide precursor homogeneous solution 
(A) and the poor solvent (B) or the polyimide precursor 
homogeneous solution (A) onto the substrate to form a 
sheet in the aforementioned third method, there may be 
mentioned a method in which coating techniques employing 
spraying or doctor blade methods, or techniques of 
extrusion from a T-die or the like, and preferred is a 
method of casting onto a substrate of glass or the like 
or onto a movable belt substrate, or a method of 
extrusion of the polyimide precursor solution from a T- 
die. 

The aforementioned dope solution for casting may 
also contain a surfactant, flame retardant or coloring 
agent, or reinforcing materials such as glass fibers, 
silicon-based fibers, inorganic powder and the like. 
Such additives and reinforcers may be added to the 
polyimide precursor homogeneous solution (A) or to the 
dope solution for casting. 

The pore-formed polyimide precursor film as the 
film-like composition obtained by any of these three 
methods is then subjected to thermal imidation treatment 
or chemical imidation treatment. Thermal imidation of 
the polyimide precursor porous film is accomplished by 
fixing the polyimide precursor porous film using a pin, 
chuck or pinch roll in order to prevent its heat 
shrinkage, and subjecting it to a temperature of 280- 
500 °C in air for 5-60 minutes. 

Chemical imidation treatment of the polyimide 
precursor porous film is accomplished by using an 
aliphatic acid anhydride or an aromatic acid anhydride as 
a dehydrating agent and a tertiary amine such as 
triethylamine as a catalyst. Imidazole or benzimidazole, 
or substituted derivatives thereof, may also be used as 



according to Japanese Unexamined Patent Publication No. 
4-339835. 

Chemical imidation treatment of the polyimide 
precursor porous film is preferably used for fabrication 
of a polyimide porous film with a multilayer 
construction. A multilayer polyimide porous film may be 
obtained^ for example, by subjecting the surface of a 
polyolefin fine porous film used as the solvent 
substitution rate adjuster to plasma, electron beam or 
chemical treatment for modification of the interface 
adhesion with the polyimide porous layer, and then 
forming a multilayer structure with the cast polyimide 
precursor solution and contacting it with a solidifying 
solution to precipitate the cast polyimide precursor 
solution and form pores therein, to give a precursor 
porous film with a multilayer structure. Finally, with 
chemical imidation treatment it is possible to fabricate 
a multilayer polyimide porous film. 

The porous polyimide film fabricated in this manner 
has a porosity of 15-80%, preferably 30-80% and 
especially 40-70%, and more preferably the mean pore size 
is 0.01-5 jum and especially 0.05-1 jum in the center and 
both surfaces, with a maximum pore size of no greater 
than 10 jum, although these will differ somewhat depending 
on the fabrication conditions that are selected. If the 
mean pore size is less than 0.01 jum it may be difficult 
to achieve a porosity of 15% or greater, and if the mean 
pore size is larger than 5 jum the insulating material may 
be undesirable in terms of precision in fine conformation 
working and bending. 

The porous polyimide film may have either a single 
layer or multilayer construction, while the entire film 
is adjusted to a film thickness of 5-150 jum, preferably 
5-125 um and especially 5-100 jum, and the polyimide 
porous layer preferably has a heat resistance temperature 
of 200''C or above and a heat shrinkage of no greater than 



±1% when heat treatment is carried out for 8 hours at 
105'C. 

According to the invention, a substrate may be 
constructed containing a porous polyimide film which is a 
porous polyimide film obtained in the manner described 
above having a porosity of from 15 vol% to 80 vol%. This 
can give a low dielectric constant polyimide insulating 
film or substrate with a dielectric constant of no 
greater than 2.5, The porosity can also give a 
dielectric constant of less than 2 which cannot be 
realized with bulk plastics, 

A porosity of less than 15 vol% results in a larger 
dielectric constant, and a porosity of greater than 80 
vol% results in low strength of the substrate, and 
therefore neither situation is preferred. 

According to the invention, electronic device 
substrate materials can be easily obtained having heat 
resistance temperatures of 200''C or above • In such a 
construction, the presence of the space portion of the 
polyimide material containing gas with a much lower 
dielectric constant than the solid portion results in a 
film or substrate with a dielectric constant that is much 
lower than the polyimide bulk dielectric constant. 

Since the porous polyimide film of the invention has 
nonlinear pore structure between one side and the other 
side even when in contact with a conductor, it is 
resistant to phenomena such as corona' discharge, and is 
also resistant to dielectric deterioration due to 
dielectric breakdown and the like. 

The porous polyimide film as the porous insulating 
material of the invention has a smooth surface and can 
also be used by mounting with lamination of one or a 
plurality of layers of the porous polyimide film, or a 
different dense polyimide film may be laminated with the 
porous polyimide film. For example, the porous polyimide 
film may be laminated onto an organic, inorganic or metal 
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substrate such as a polyimide film, silicon substrate, 
glass substrate, carbon substrate or aluminum substrate, 
either directly or via a heat resistant adhesive. 

In addition, a heat resistant, film-like adhesive 
5 layer such as a thermoplastic polyimide or 

polyimidosiloxane-epoxy resin may also be laminated on 
either or both sides of the porous polyimide film serving 
as the porous insulating material of the invention, and a 
protective film comprising a resin film of an aromatic 

10 polyimide, aromatic polyester, polyethylene, 

polypropylene, 1-polybutene, etc. may also be provided 
thereon to obtain the laminate. 

This laminate prevents adhesion of dust and thus 
facilitates transport, and the protective film can be 

15 peeled off at the time of use and laminated onto a known 
conductive metal electronic circuit foil such as an 
electrolytic copper foil, rolled copper foil, rolled 
aluminum foil or the like to easily obtain a circuit 
substrate. 

20 A heat resistant film-like adhesive layer may also 

be laminated onto either or both sides of the porous 
polyimide film serving as the porous insulating material 
of the invention, and a conductive metal electronic 
circuit foil laminated thereover to prepare the laminate. 

25 Alternatively, the pore-formed polyimide precursor 

porous film may be combined with one side of the 
conductive metal electronic circuit foil and then heated 
to dryness for complete imidation to obtain the laminate. 
Also, one side of a porous polyimide film serving as 

30 the porous insulating material of the invention may be 

combined with one side of a polyimide film, an inorganic 
substrate such as a silicon substrate, glass substrate or 
carbon substrate or a metal substrate such as an aluminum 
substrate, with a heat resistant film-like adhesive layer 

35 sandwiched between them, and then subjected to 

thermocompression bonding, after which the other side of 
the porous polyimide film serving as the porous 



insulating material of the laminate may be combined with 
a conductive metal foil with a heat resistant film-like 
adhesive layer sandwiched between them and then subjected 
to thermocompression bonding to obtain a laminated 
substrate as the laminate. 

Also, an inorganic, organic or metal substrate such 
as a silicon substrate may be provided on one side of the 
porous polyimide film serving as the porous insulating 
material via a heat resistant adhesive and a dense 
polyimide layer on the other side either directly or via 
a heat resistant adhesive, with a conductive metal 
circuit layer further provided thereover, to prepare the 
laminate. In this case, a metal foil may be used as the 
conductive metal circuit layer. 

Alternatively, a known metal such as copper, nickel, 
chromium, aluminum or the like may be used on one or both 
sides of the porous polyimide film serving as the porous 
insulating material to form a conductive metal circuit 
layer by a combination of vapor deposition (vacuum 
deposition or sputtering) and plating (electroless 
plating or electroplating). 

The porous polyimide film serving as the porous 
insulating material of the invention may also be used 
after vacuum and/or heat drying to remove any moisture 
included in the continuous pores due to the surroundings. 

The porous insulating film having a mean pore size 
of 0.01-5 fuxtif a porosity of 30-80%, a maximum pore size 
of no greater than 10 jum, a film thickness of 5-100 jum, a 
resistance to passage of air of from 30 sec/ 100 cc to 
2000 sec/ 100 cc, a heat resistance temperature of 200 °C 
or above and a heat shrinkage of no greater than ±1%, 
with fine continuous pores reaching to both surfaces, 
exhibits satisfactory heat resistance and electrical 
insulating properties as well as ion mobility, and is 
therefore suitable for such uses as battery separators 
and the like. 



Examples of the invention will now be provided. 
The measurement methods used are explained below. 

(1) Porosity 

The film thickness and weight of a porous film 
cut to a prescribed size were measured, and the porosity 
was calculated based on the weight according to the 
equation given below. In this equation, S is the porous 
film area, d is the film thickness, W is the measured 
weight and D is the polyimide density; the polyimide 
density was assumed to be 1.34 g/m\ 

Porosity (%) = 100 - 100 x (W/D)/(S x d) 

(2) Dense layer thickness, proportion 

A cross-section was cut out of the porous film, 
the dense layer thickness and entire film thickness were 
measured with a scanning microscope, and the dense layer 
proportion was calculated. 

(3) Pore size 

A cross-section was cut out of the porous film 
and measured with a scanning microscope. 

(4) Dielectric constant 

This was measured at a frequency of 1000 Hz, 
according to JIS-C-6481. 

(5) Tensile strength 

This was measured according to JIS K7127. A 
Tensilon Universal Tester (product of Toyo Baldwin Co.) 
was used for measurement at a strain rate of 10 mm/min. 

(6) Shrinkage factor 

A sample with graduated markings of a specified 
length was allowed to stand in an unbound condition for 8 
hours in an oven set to 150 °C, and after being removed 
its dimensions were measured. The heat shrinkage factor 
was determined by the equation given below. In the 
equation, represents the film dimensions after being 
removed from the oven, and Lq represents the initial film 
dimensions . 

Heat shrinkage factor (%) = [1 - (L^/Lo)] x 100 

(7) Penetrating strength 



A sample was fixed in a round-hole holder with 
a diameter of 11.28 ram and a surface area of 1 cm% and 
then a 1 mm diameter needle with a point shape of 0.5 R 
was lowered at a speed of 2 mm/sec until penetration and 
the penetration load was measured. 

(8) Heat resistance temperature 

A nonaqueous electrolyte solution was filled 
into the fine pores and the temperature dependence of the 
electrical resistance was measured using a measuring 
device by Hioki E.E. Corp. (3520 LCR HiTESTER) , while the 
porous film structure was observed to determine whether 
or not a deformation occurred, and the highest 
temperature at which no such problems were observed was 
recorded as the heat resistance temperature. 

(9) Resistance to passage of air 

This was measured using a Gurley densometer 
according to JIS-P-8117. 
Example 1 

Using s-BPDA as the tetracarboxylic acid component 
and DADE as the diamine component, these were dissolved 
in NMP with the DADE at a molar ratio of 0.994 with 
respect to the s-BPDA and the monomer components at a 
total weight of 10 wt%, and was polymerized at a 
temperature of 40°C for 6 hours to obtain a polyimide 
precursor. The solution viscosity of the polyimide 
precursor solution was 500 poises. 

The resulting polyimide precursor solution was cast 
onto a glass substrate to a thickness of about 75 jum, and 
then the surface thereof was covered with a polyolefin 
fine porous film (product of Ube Kosan, KK.) having a 
resistance to passage of air of 550 sec/100 cc as a 
solvent substitution rate adjuster, without producing 
wrinkles. The laminate was immersed in methanol for 5 
minutes and subjected to solvent substitution with the 
solvent substitution rate adjuster for precipitation of 
and pore formation in the polyimide precursor. 

The precipitated polyimide precursor porous film was 
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immersed in water for 15 minutes and then released from 
the glass substrate and solvent substitution rate 
adjustor and affixed to a pin tenter for heat treatment 
in air at 300 ''C for 10 minutes, to obtain a porous 
5 polyimide film. 

The resulting porous polyimide film was observed 
with a scanning electron microscope and found to have 
fine curved continuous pores, a thickness of 40 jum, an 
average pore size of 0.5 jum and a maximum pore size of no 

10 greater than 10 ji/m on the surface, an average pore size 
in the range of 0.01-2 ^m and a maximum pore size of no 
greater than 10 ;jm at the center, a porosity of 60%, a 
resistance to passage of air of 180 sec/100 cc, a 
penetrating strength of 350 gf, a heat shrinkage of 0.4% 

15 and a heat resistance temperature of 200°C or above. 

Scanning electron microscope photographs are shown in 
Figs. 7 and 8. 
Example 2 

Using s-BPDA as the tetracarboxylic acid component 

2 0 and p-PDA as the diamine component, these were dissolved 

in NMP with the p-PDA at a molar ratio of 0.994 with 
respect to the s-BPDA and the monomer components at a 
total weight of 15 wt%, and polymerization was conducted 
at a temperature of 40''C for 6 hours to obtain a 

25 polyimide precursor. The solution viscosity of the 
polyimide precursor solution was 500 poise. 

The resulting polyimide precursor solution was cast 
onto a glass substrate to a thickness of about 150 jum, 
and then the surface thereof was covered with a 

30 polyolefin fine porous film (product of Ube Kosan, KK. ) 

having a gas permeability of 550 sec/100 cc as a solvent 
substitution rate adjustor, without producing wrinkles. 
The laminate was immersed in methanol for 5 minutes and 
subjected to solvent substitution with the solvent 

3 5 substitution rate adjustor for precipitation of and pore 

formation in the polyimide precursor. 



The precipitated polyimide precursor porous film was 
iimersed in water for 15 minutes and then released from 
the glass substrate and solvent substitution rate 
adjuster and affixed to a pin tenter for heat treatment 
in air at 400^*0 for 10 minutes, to obtain a porous 
polyimide film. 

Observation with a scanning electron microscope 
revealed fine curved continuous pores, a thickness of 50 
^m, an average pore size of 0,5 /jm and a maximum pore 
size of no greater than 10 /im on the surface, an average 
pore size in the range of 0*01-2 jjm and a maximum pore 
size of no greater than 10 ]jm at the center, a porosity 
of 60%, a gas permeability of 380 sec/100 cc, a 
penetrating strength of 520 gf, a heat shrinkage of 0.3% 
and a heat resistance temperature of 200°C or above. 
Example 3 

Using s-BPDA as the tetracarboxylic acid component 
and a preparation of p-PDA and DADE in a molar ratio of 
85:15 as the diamine component, these were dissolved in 
NMP with the diamine component at a molar ratio of 0.994 
with respect to the s-BPDA and the monomer components at 
a total weight of 15 wt%, and was polymerized at a 
temperature of 40°C for 6 hours to obtain a polyimide 
precursor. The solution viscosity of the polyimide 
precursor solution was 600 poises. 

The resulting polyimide precursor solution was cast 
onto a glass substrate to a thickness of about 150 jum, 
and then the surface thereof was covered with a 
polyolef in fine porous film (product of Ube Kosan, KK. ) 
having a resistance to passage of air of 550 sec/100 cc 
as a solvent substitution rate adjuster, without 
producing wrinkles. The laminate was immersed in 
methanol for 5 minutes and subjected to solvent 
substitution with the solvent substitution rate adjuster 
for precipitation of and pore formation in the polyimide 
precursor. 



The porous polyimide precursor film was immersed in 
water for 15 minutes and then released from the glass 
substrate and solvent substitution rate adjuster and 
affixed to a pin tenter for heat treatment in air at 
330 ''C for 10 minutes, to obtain a porous polyimide film. 

Observation with a scanning electron microscope 
revealed fine curved continuous pores, a thickness of 65 
jum, an average pore size of 0.9 jum and a maximum pore 
size of no greater than 10 ^m on the surface, an average 
pore size in the range of 0,01-2 }jm and a maximum pore 
size of no greater than 10 jum at the center, a porosity 
of 63%, a resistance to passage of air of 580 sec/100 cc, 
a penetrating strength of 860 gf, a heat shrinkage of 
0.2% and a heat resistance temperature of 200'*C or above. 
Example 4 

A porous polyimide film was obtained in the same 
manner as Example 1, except that the thickness of the 
cast polyimide precursor solution in Example 1 was 
changed to about 150 jum. 

Observation with a scanning electron microscope 
revealed fine curved continuous pores, a thickness of 84 
pm, an average pore size of 0.4 ]jm and a maximum pore 
size of no greater than 10 jum on the surface, an average 
pore size in the range of 0.01-2 and a maximum pore 
size of no greater than 10 jum at the center, a porosity 
of 60%, a resistance to passage of air of 270 sec/100 cc, 
a penetrating strength of 440 gf , a heat shrinkage of 
0,3% and a heat resistance temperature of 20 0°C or above. 

The dielectric constant (e) and dielectric loss 
tangent (tan8) of the porous polyimide film were measured 
under the conditions described below. The measuring 
electrode was 200 nm, 8 mm aluminum, the measuring 
apparatus was a Hewlett-Packard 4194A, the measuring 
frequency range was from 1 kHz to 10 MHz, and the average 
value of 16 measurements for each measuring point was 
used. The measuring temperature was 25°C. The measuring 



results for the measuring frequencies of 1000 Hz and 10 
MHz are given below. The dielectric constant was 
virtually unchanged within this measuring range. 
1000 Hz 

Dielectric constant: 1,6 8 

Loss tangent: 0.0025 
10 MHz 

Dielectric constant: 1.67 
Loss tangent: 0.0053 

The dielectric constant of the dense polyimide (bulk 
polyimide) was 3.2 to 3.4 at each frequency, indicating 
the properties of the porous polyimide film of the 
invention . 
Example 5 

A porous polyimide film was obtained in the same 
manner as Example 2, except that the thickness of the. 
cast polyimide precursor solution was changed to about 
200 ^m. 

Observation with a scanning electron microscope 
revealed fine nonlinear pores, a thickness of 62 ^m, an 
average pore size of 0.7 ]m. and a maximum pore size of no 
greater than 10 ^m on the surface, an average pore size 
in the range of 0.01-2 jum and a maximum pore size of no 
greater than 10 jiim at the center, a porosity of 64% and a 
heat resistance temperature of 200°C or above. 

The dielectric constant (e) and dielectric loss 
tangent {tan8) were as shown below. The dielectric 
constant was virtually unchanged within the measuring 
range . 
1000 Hz 

Dielectric constant: 1.73 

Loss tangent: 0.0029 
10 MHz 

Dielectric constant: 1.71 
Loss tangent: 0.0062 
Example 6 



A porous polyimide film was obtained in the same 
manner as Example 3, except that the thickness of the 
cast polyimide precursor solution was changed to about 
15 0 jum , 

Observation with a scanning electron microscope 
revealed fine nonlinear continuous pores, a thickness of 
51 jum, an average pore size of 0,9 ji^m and a maximum pore 
size of no greater than 10 ^m on the surface, an average 
pore size in the range of 0.01-2 jura and a maximum pore 
size of no greater than 10 jum at the center, a porosity 
of 43% and a heat resistance temperature of 200°C or 
above • 

The dielectric constant (e) and dielectric loss 
tangent (tan8) were as shown below. 

The dielectric constant was virtually unchanged 
within the measuring range, 
1000 Hz 

Dielectric constant: 2,34 

Loss tangent: 0.0032 
10 MHz 

Dielectric constant: 2.31 
Loss tangent: 0.0055 

Since dropping methanol onto one side of the porous 
polyimide films obtained in Examples 1-6 and allowing it 
to remain resulted in wetting of the other side, the 
formation, of continuous pores was confirmed. Separately 
there were fabricated a dense polyimide film and an 
independent pore polyimide film, and dropping of methanol 
in the same manner resulted in no wetting of the other 
side. 
Example 7 

Each of the porous polyimide films obtained in 
Examples 4, 5 and 6 and an electrolytic copper foil (35 
jjxa) or rolled copper foil (10 ^m) were combined using a 
2 0-jLim thick film-like polyimidosiloxane-epoxy resin-based 
thermosetting heat resistant adhesive (UPA, product of 



Ube Kousan, KK,)/ and these were subjected to heat 
treatment under a nitrogen gas stream at 100 °C for one 
hour, 12 0°C for one hour and ISC'C for 5 hours to harden 
the adhesive and obtain a firmly adhered laminate 
substrate. The adhesive strength was at least 1,0 kg/cm 
for all the films. 

The dielectric constant values for separately 
prepared laminates of porous polyimide films and the 
adhesive were as follows. 
1000 H2 

Dielectric constant: 1.8, 1.8 and 2.4 
10 MHz 

Dielectric constant: 1.8, 1.8 and 2.4 
Example 8 

Using s-BPDA as the tetracarboxylic acid component 
and DADE as the diamine component, these were dissolved 
in NMP (bp: 202°C) with the DADE at a molar ratio of 
0.994 with respect to the s-BPDA and the monomer 
components at a total weight of 18 wt%, and 
polymerization was conducted at a temperature of 40 °C for 
6 hours to obtain a homogeneous solution (A) of the 
polyimide precursor. 

Next, n-decanol (bp: 2 31°C) was added as a poor 
solvent (B) to the homogeneous solution (A) of the 
polyimide precursor, to obtain a dope solution containing 
the polyimide precursor at about 15 wt%, NMP at 68 wt% 
and n-decanol at 17 wt%. 

The solution was cast onto a glass substrate to a 
thickness of about 150 jum and dried at about SO^'C. The 
polyimide precursor film (polyimide precursor gel) that 
separated from the glass substrate at the start of drying 
was affixed to a pin tenter for heat treatment in air at 
300°C for 40 minutes, to obtain a porous polyimide film, 

A cross section of the resulting porous polyimide 
film was observed with a scanning microscope, and both 



surface layers were confirmed to be dense layers with 
fine curved continuous pores at the center in the cross- 
sectional direction of the film. Measurement of the 
tensile strength, film thickness, porosity, surface 
condition, dense layer thickness, center condition, heat 
shrinkage ratio and penetrating strength of the porous 
polyimide film gave the following results. 
Evaluation results 

Tensile strength: 460 kgf/cm^ 

Film thickness: 85 jjm 

Porosity: 65% 

Surface condition: dense layer 
Dense layer thickness: 2.1 iim (both sides) 
Center condition: Porous layer: mean pore size in 
range of 0.01-2 jum, maximum pore size of 10 lum 
Heat shrinkage: 0.3% 
Penetrating strength: 385 gf 
Example 9 

A porous polyimide film was obtained in the same 
manner as Example 8, except that ethyleneglycol (bp: 
19 7. 8 "^C) was added to the homogeneous solution (A) of the 
polyimide precursor as the poor solvent (B) instead of n- 
decanol, and a dope solution prepared with the polyimide 
precursor at about 10 wt%, NMP at 48 wt% and 
ethyleneglycol at 42 wt% was used. 

A cross-section of the resulting porous polyimide 
film was observed with a scanning microscope, and 
revealed to have the same structure and tensile strength 
as the film of Example 8. Measurement of the film 
thickness, porosity, surface condition, dense layer 
thickness, center condition, heat shrinkage ratio and 
penetrating strength gave the following results. 
Evaluation results 

Film thickness: 83 ]jm 

Porosity: 52% 

Surface condition: dense layer 

Dense layer thickness: 3.0 ^m (both sides) 



Center condition: Porous layer: mean pore size in 
range of 0.01-2 jura, maximum pore size of 10 jim 
Heat shrinkage: 0.3% 
Penetrating strength: 408 gf 
Example 10 

Using ethyleneglycol (bp: 197 •8°C) as the poor 
solvent (B), a homogeneous solution (A) of the polyimide 
precursor was cast onto a glass substrate to make a 
solution film, which was then immersed into an 
ethyleneglycol solidifying bath together with the glass 
substrate to precipitate a film, and the precipitated 
film was removed from the solidifying bath and affixed to 
a pin tenter for immediate heating at 300 °C for 40 
minutes for imidation to obtain a porous polyimide film. 

A cross section of the resulting porous polyimide 
film was observed with a scanning microscope, and 
revealed to have the same structure and tensile strength 
as the film of Example 8. 

Measurement of the film thickness, porosity, surface 
condition, dense layer thickness, center condition, heat 
shrinkage ratio and penetrating strength gave the 
following results. 
Evaluation results 

Film thickness: 84 jum 

Porosity: 49% 

Surface condition: dense layer 
Dense layer thickness: 1 . 8 jum (both sides) 
Center condition: Porous layer: mean pore size in 
range of 0,01-2 jjm, maximum pore size of 10 jum 
Heat shrinkage: 0,3% 
Penetrating strength: 410 gf 
Comparative Examples 1 and 2 

The same procedure was followed as in Example 8, 
except that ethanol (bp: 78.3°C) was used (Comparative 
Example 1) or methanol (bp: 64.1°C) was used (Comparative 
Example 2) as the poor solvent (B) instead of n-decanol. 



Observation of cross-sections of the resulting polyimide 
films with a scanning microscope revealed that both were 
films of only a dense layer with no porous layer • 
Example 1 1 

A porous polyimide film was obtained by the same 
procedure as in Example 8, except that the homogeneous 
solution (A) of the polyimide precursor was obtained 
using PPD as the diamine component instead of DADE, and 
the heating temperature (maximum temperature) was changed 
to 425°C. The evaluation results for the porous 
polyimide film were the same as in Example 8. 
Example 12 

The porous polyimide films obtained in Examples 8-10 
were used for evaluation as insulating materials. All 
exhibited satisfactory properties. The porous polyimide 
film obtained in Example 8 had a dielectric constant of 
2,1 at 23^0, 1000 Hz and a dielectric loss of 0,004. 

Cross sections of each of the porous polyimide films 
obtained in the examples (Examples 1-11) were observed 
under a scanning microscope and found to be smooth on 
both surfaces. 
Comparative Example 3 

A commercially available non-porous polyimide film 
with a thickness of 25 iim was used for evaluation. It 
had a dielectric constant of 3.2 at 23"^^ 1000 Hz and a 
dielectric loss of 0.004, and therefore the dielectric 
constant was inadequate. 

The present invention, having the construction 
described above, thus exhibits the following effects. 

According to the invention it is possible to obtain 
a porous insulating material with low dielectric constant 
that cannot be achieved with bulk polyimides, as well as 
heat resistance and strong adhesion or adhesion with 
metals and metal foils. 



What is claimed is: 

1. A porous insulating film comprising a highly 
heat resistant resin film having a fine porous structure 
with a mean pore size of 0.01-5 jum in at least the center 
of the film, and having a porosity of 15-80%. 

2. A porous insulating film according to claim 1, 
wherein the mean pore size is 0.05-1 jum. 

3. A porous insulating film according to claim 1, 
wherein the porosity is 30-80%. 

4. A porous insulating film according to claim 1, 
which has a thickness of 5-150 jum. 

5. A porous insulating film according to claim 1, 
wherein the fine porous structure consists of fine 
continuous pores. 

6. A porous insulating film according to claim 1, 
which is fabricated by a film casting method. 

7. A porous insulating film according to claim 1, 
wherein the dielectric constant is no greater than 2.5. 

8. A porous insulating film according to claim 1, 
wherein the highly heat resistant resin film is a 
polyimide film. 

9. A porous insulating film according to claim 1, 
wherein the porous structure has fine continuous pores 
reaching to both surfaces. 

10. A porous insulating film according to claim 9, 
which has a porosity of 30-80%, a maximum pore size of no 
greater than 10 ^m, a film thickness 'of 5-100 jum, a 
resistance to passage of air of from 30 sec/100 cc to 
2000 sec/100 cc, a heat resistance temperature of 20O''C 
or above and a heat shrinkage of no greater than ±1%. 

11. A porous insulating film according to claim 1, 
wherein the porous structure has a dense layer on both 
surfaces of the film. 

12. A laminate prepared by forming a heat resistant 
adhesive layer on one or both sides of a porous 
insulating film according to claim 1. 
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13. A laminate prepared by laminating a conductive 
metal layer for an electronic circuit on one or both 
sides of a porous insulating film according to claim 1, 
either directly or via a heat resistant adhesive layer. 

14. A laminate prepared by laminating an inorganic 
or metal substrate onto one side of a porous insulating 
film according to claim 1 and a conductive metal layer 
onto the other side, each via a heat resistant adhesive 
layer. 
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POROUS INSULATING FILM AND ITS LAMINATES 



5 

ABSTRACT OF THE DISCLOSURE 

A porous insulating film comprising a highly heat 
resistant resin film having a fine porous structure with 

0 a mean pore size of 0,01-5 12m in at least the center of 
the film, and a porosity of 15-80%. A laminate is 
prepared by forming a heat resistant adhesive layer or a 
conductive metal layer or an inorganic or metal substrate 
on one or both sides of the porous insulating film or by 

5 forming an inorganic or metal substrate on one side of 
the porous insulating film and a conductive metal layer 
on the other side. 



PTO/S8/106(8-96 
Approved for use through 9/30/98. OMB 0651^3; 
Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Unaer the Paperwork Reduction Act of 1 995 , no persons are required to respond to a coltection of information unless rt dtspiays a valid OMB control numoer 
J < 

Declaration and Power of Attorney For Patent Application 

Atty> Docket # U-Wp-5525 Aok 



Japanese Language Declaration 

Ta10:>B:^(^^^^^ t LX. ?i:iiilTcOi® HHL As a below named inventor, i hereby declare that: 



^CO^m. f-i.^^, ^^\'±To(Lo:)fl<DB:^{D^kiZ'^iSi^ri My residence, post office address and citizenship are as stated 
tzii^ 'C"^• "fi^ct to rny nan>c. 



TItLi7:>^^r£0|*^iC)^fCIS55^E!s(C^iS^ix. Ifi^ffiJS I believe I am the original, first and sole inventor (if only one name 

L Ttr->C:?^^F^?r(CO^^T. fLt^Mc^t''^^ — <75|*^# (T isiisted below) or an original, first and joint inventor (if plural 

tiL(DB:^ — ^(D^^) t> L < l±ft?n25^0^f53^B^#"C*fc 5 names are listed below) of the subject matter whicfTis claimed and 

t {TttiD'^lift^^ykcO^a') ffCTV^^i". for which a patent is sought on the invention entitled 

POROUS INSULATING FILM AND ITS LAMINATES 



•haS|*^O^i^^ (Tl£C0^a"t:xE^:i^oV^T^.'^7'^V^^'^^i, the specification of which is attached hereto unless the following 
^"2?;::^^^) ii. box is checked: 



f~] was fiied on _ 



as United States Application Number or 
PCT International Application Number 

and was amended on 

(if applicable). 



I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56, 



Burden Hour Sutement: This tbrm is t-sti mated tti ulce 0.4 hours lo complete. Time will vary depending upon the needs of the individual c*sc. Any comments on the 
•mount ot time you are required to complete this form should be sent to the Chief Information Officer. Patent and Trademark Office, Washington. DC 20231 . DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner of Patents and Tradeniarks, Washington. DC 2023 I . 



Page 1 of 5 



AcDfoved tor use mrough 9/ZO/SQ 0MB 0651-0032 
Patent and Traaemartc Office: U.S. DEPARTMENT OF COMMERCE 
Unaer the Paperwork Reduction Act of 1 995. no oersons are required to respond to a coltectwn of tnformatjon unless ft drepiays a valid 0MB control numoer . 



Japanese Language Declaration 



Atty Docket : U-Wp-5525 Aol 



2: i±5 JK CO 3tr f w ^ i^ f??T ^ rc .*! » Grj :^^liE 



Prior Foreign Application(s) 

11 -116178(Pat. Appln.) 

(Number) 

11 -132755 (Pat, Appln, ) 
(Number) 



Japan 



(Country) 
Japan 



(Country) 

* Please see Attachment for additional prior 



I hereby cJatm foreign priority under TitJe 35, Unrted States Code. 
Section 119 (a)-(d) or 365(b) of any foreign application's) for patent 
or inventor's certificate, or 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed betow and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

23/April/1999 ^ ' - 

(Day/MonthA'ear Filed) - 

13/May /1 999 



(Day/Month/Year Filed) 

foreign applications. 
I hereby claim the benefit under Title 35. United States Code. 
Section 119(e) of any United States provisional applic3tion(s) listed 
below. 



(Application No.) 



(Filing Date) 



flit. T5^<Di¥:mm^f^3 5 is I 2 O^izmv^XT^EcOT^ 

x(o)Qtf^^\zA^^ritz. mnmm^^3 Tisii^s em 
xms^^rzn^^^<D^mizriST^:&mtj:^miz-:>v^xm 



(Appiicatton No.) 



(Application No.) 
(SiS^-^) 



(Filing Date) 
(fflJKS) 

(Filing Date) 
(tliJK0) 



m:^'-^%X^y). :6^'OfL(DX=f^LtzmntfLiD<^\:.akZ^ 
Izm-TK^mt'^^X^K-X^^ i ftUTVN^ Zt. ^^\Z^ 
E^ztj: ^^tz^^cD^mRV^tfv t fr^^O^T^tip^tS&ftSg 

om77lzl:K}^r\^rL^Zt. "tLX^tD^ot^i^MJCX^ 



(Appiicatton No.) 
(fflia#-^) 



'(Filing Date) 



I hereby claim the benefit under Title 35. United States Code, 
Section 120 of any Unrted States appiication(s). or 365(c) of any 
PCT international application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States .Code Section 112, I 
acknowledge the duty to disclose information which is rriateriat to 
patentability as defined in Title 37. Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
prior application and the national or PCT International filing date of 
appiicatton. 



(Status: Patented, Pending, Abandoned) 



(Status. Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were nnade with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



Page 2 of 5 



ApOfcv«d for us< tnrougn j^-i'ws umo 
Patent and Tractemartc Office: U,S, OEPARTMSNT OF COMMERCE 



Uncer tne PaoervvorV Reduction Act of ^ 995. no perse ns are required to respond to a coitection of informatxpn unless rt d»soiays a vaiid QMS controt numoef 

- — — . — ..I I .-I ' ' ■'■ " " ' I 

Japanese Language Declaration j 

Atty. Docket s ^"^^Ao^x^ 



( 5 '^i^M. s S) 



:^/r:^: x-- — ^^)^=S^ v U "C. W")" o— POWER OP ATTORNEY: As a named inventor. I hereby appotnt 

:^'f^^ i:-^^Pr^t^-S7;Z7rLr':i^{r-r the followtng a«crney<s) and/or agent(s) to prosecute this 

i^'^X. T^(D^^tB^^^TzL'^'f'. (rrlirr, "^f-lift^ application and transact all business in the Patent and Trademark 

K-f)=z^Iklf^^^^^'-^^^ - C ) Office connected therewith pistname snd rsgistratton number) 



iytUton J, mynB, 17,906, William MDran, 
19., 555 and. Daniel Ortiz, 25,123 



Send Correspondence to: 

BURGESS, RYAN & WAYNE 

370 Lexington Avenue, Suite 2105 

New York, NY 10017 





Direct Teiephon* Calls to:* (name '3nd tefephane tiumdef) 

Mr. Milton J. Wayne 
(212) 683 8150 






Fuil name of sole of first inventor 

Shigeru Yao 








Inventor* s signature Date 

5^.-^., y^^y- March 21 , 2000 








Res;cer!ce 

Ichihara-shi, Chiba, Japan 








Crtizenshtp 

Japanese 








Post Otfice Address 

c/o Polymer Research Laboratory, Corporate 






Research & Development, inausmes, Lta., 
• * 8-1 , Goiminamikaigan, Ichihara-shi , Chiba, Japan 








Fuil name of second jotnt inventor, if any 

Yukihiko Asano 








Second inventor's signature Date 

^44J^XM^I\%<^Uii^ March 21 , 2000 








Residence 

Ichihara-shi, Chiba, Japan 








Citizenship 

Japanese 








Post Office Address 

c/o Polymer Research Laboratory, Corporate 






Research & Development, Ute mausrries, Lta., 
8-1 , Goiminamikaigan, Ichihara-shi, C3iiba, Japan 








$:-f (Supply similar information and signature for third and subsequent 




joint inventors.) 



Page 3 of 5 



ft m 



Arty. norVpr - TT-Wn-'>'>?S AnVi 



Full name of third joint inventor, if any 
Shyusei Ohya 



Third 



ventor* s signature 





Date 

March 21 , 2000 



Residence 
Ichihara-shi, Chiba, Japan 



Ci t izenship 
Japanese 



Post Office Address 
c/o Polymer Research Laboratory, Corporate 

Kesearcn & Development, ubeTrfSu§frTgs7"Lm77~ 
8-1 , Goiminamikaigan, Ichihara-shi^ Chiba, Japan 



Full name of fourth joint inventor, if any 
Kenji Fukijnaga 



Four th imventor^s signature 



Date 

March 21, 2000 



Residence 
Ichihara-shi, Chiba, Japan 



Ci t i zenship 
Japanese 



Post Office Address 
c/o Polymer Research Laboratory, Corporate 



Research & Development, Ube Industries, Ltd., 
8-K Go iminamikaicran^ Ichihara-shi, Chiba r Jap4 n 







Full name of fifth joint inventor, if any 
Masayuki Kinoiichi 






Fif tk invento^* s sL^ature/; Date 

^/M6mM4/^ dl£k<KccJ(^ lyiarch 21, 2000 






Residencef/ 
Ube-shi , Yamaguchi , Japan 


m m 




Ci t izenship 






Japanese 






Post Office Address 
c/o Ube Chemical Factory, Ube Industries- 


■ — ' — 

1978-10, Oaza Kogushi, Ube-shi, Yamaguchi, 






Full name of sixth joint inventor, if any 
Kenii Kawabata 






Sixth inventor^s signature Date 

i{M.ir k^^rd^ 21 , 2000 


ft ®T 




Residence 
Ube-shi, Yamaguchi, Japan 


H m 




Ci t i zenship 
Japanese 






Post Office Address 
c/o Ube Chemical Factory, Ube Industries, 


1978-10, Oaza Kogushi, Ube-shi, Yamaguchi, 






(Supply similar information and signature for 






seventh and subsequent joint inventors.) 



Ltc5 
JaDan 



Ltd., 

Jaoan 



Page 4 of 5 



Atty Docket ; U-Wp-5525 Aoki 

f ^^^^^J^m priority Not Clai^sd 





uayali 


29 /November / 1 9 99 □ 


(Number) 


(Country) 


(Day/Month/ Year Filed) 

(.&m^M B) 

□ 


( Number ) 


(Country) 


(Day/Month/ Year Filed) 

□ 


( Number) 


( Country) 
(MS) 


(Day/Month/ Year Filed) 

□ 


( Number ) 

(#^) 


( Country) 


(Day/Month/Year Filed) 

□ 


(Number) 


(Country) 

CSS) 


(Day /Month/Year Filed) 

(mm^MB) 

□ 


(Number) 


(Country) 
(BS) 


( Day /Month/Year Filed) 
(ffira^^ B) 

□ 


( Number) 
(#^) 


(Country) 
(BS) 


(Day/Month/Year Filed) 

□ 


(Number) 


( Country) 
C^S) 


(Day/Month/Year Filed) 

Cihm^n B) 

□ 


( Number ) 


(Country) 
(MS) 


(Day/Month/Year Filed) 

(mm^M B) 

□ 


(Number) 


(Country) 
(SS) 


(Day/Month/Year Filed) 



Page 5 of 5 



